The effect of bulk viscisity on the evolution of the homogeneous and isotropic cosmological models is considered. Solutions are found, with a barotropic equation of state, and a viscosity coefficient that is proportional to a power of the energy density of the universe. For flat space, power law expansions, related to extended inflation are found as well as exponential solutions, related to old inflation; also a solution with expansion that is an exponential of an exponential of the time is found. PACS numbers 98.80.Cq, 04.80.Nn 
Introduction
The effect of negative pressure and bulk viscosity on the evolution of homogeneous isotropic cosmological models have been considered recently by Wolf [1] . He considered a viscosity coefficient that is proportional to the energy density of the matter in the universe and flat topology of the three space. In 1 email: lopr@xanum.uam.mx this paper we extend his consideration to the case when the viscosity coefficient is proportional to a power of the energy density and arbitrary curvature of the three space.
We want to consider Eintein's field equations for the isotropic and homogeneous line element,
and with the material substratum corresponding to a fluid with bulk viscosity, whose energy momentum tensor is given by
They are
eliminating the energy density from the above equations we obtain,
In order to continue we need some equation of state in the form p = p(ρ) and ζ = ζ(ρ) that we assume of the following form,
The last equation of state has been used before. If n=1 we have a relativistic fluid, n=3/2 corresponds to a string dominated universe in the sense of Turok [2] . Some other values of n arise when quantum effects are considered.
With the above equations of state Eq.(5) reduces to,
where
After solving the above equation we use Eq.(3) to calculate the corresponding energy density of the models.
To solve the differential equation it is useful to define the following dependent variable,
and now our differential equation is
In the next sections we solve exactly this equation for some values of A, B and n.
Flat Space Solutions
For the case of flat space (k=0), Eq.(10) reduces to
n=1/2
For n = 1/2 the above equation is linear,
and we can find a(t) explicitely. For C = −2 we have,
and the corresponding energy density is
and for C = −2 the solution is
with the density
where k i , a 0 , and H are constants of integrations. The first of the above solutions is an old inflationary solution, the second one for any ζ 0 = 0 will correspond to the new infationary solutions.
2.2 n = 1/2, A = −2, (ǫ = −1)
For n = 1/2 Eq.(10) is of the Bernoulli type and the solution for A = −2, (ǫ = −1), is
For n=1 it is possible to do the second integration for arbitrary value of the integration constant y 1 , the result is,
with the density given by
This solution has the exponential behaviour for earlier times, with Hubble parameter H = (ǫ + 1)/3ξ 0 , and a power law expansion at late times with exponent equal to 2/3(ǫ + 1). This late behaviour corresponds to the standard cosmology without viscosity. Therefore this family of solutions provides a natural end to the inflationary era with exponential expansion with a transition to a standard cosmological era if ǫ ≥ −1/3 or to an extended inflatinary period if ǫ < −1/3.
To proceed for n = 1 we have to make the choice y 1 = 0, and we have
from where the expansion factor can be obtained explicitely,
with the corresponding energy density
2.3 n = 1/2, A = −2, (ǫ = −1)
In case our fluid is of the vacuum type, Eq.(10) can be integrated,
In this case we can do the second integration without any assumption about the integration constant y 1
For n = 0 the solution is
For n=0 the solution is
here a i are the redefined constants of integration. From the above solutions in the case of flat space we see that for any equations of state ( arbitrary ǫ and n ) we have inflation, i.e., accelerated expansion. In particular for ǫ = −1, that gives the old inflation in the usual case without viscosity, we see that viscosity gives a "superinflation", as long as a 1 > 0.
Non-flat Solutions
In the case of non-flat space Eq.(10) can be solved for n=0, and A=0 (ǫ = −1/3) the solution is
We notice that the expansion factor does not depend on the value of the curvature of the three dimensional space. the reason for that can be seen from equation (7) since for n=A=0 the dependence on the curvature disappears.
Nevertheless, the curvature is present in the energy density. We recall here that the equation of state corresponds to a gas of textures and also to some cases of cosmic strings.
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